Structural insight into the mechanism of epothilone A bound to beta-tubulin and its mutants at Arg282Gln and Thr274Ile.
Epothilone A (EpoA) is under investigation as an antitumor agent. To provide better understanding of the activity of EpoA against cancers, by theoretical studies such as using docking method, molecular dynamics simulation and density functional theory calculations, we identify several key residues located on β-tubulin as the active sites to establish an active pocket responsible for interaction with EpoA. Eight residues (Arg276, Asp224, Asp26, His227, Glu27, Glu22, Thr274, and Met363) are identified as the active sites to form the active pocket on β-tubulin. The interaction energy is predicted to be -121.3 kJ/mol between EpoA and β-tubulin. In the mutant of β-tubulin at Thr274Ile, three residues (Arg359, Glu27, and His227) are identified as the active sites for the binding of EpoA. In the mutant of β-tubulin at Arg282Gln, three residues (Arg276, Lys19, and His227) serve as the active sites. The interaction energy is reduced to -77.2 kJ/mol between EpoA and Arg282Gln mutant and to -50.2 kJ/mol between EpoA and Thr274Ile mutant. The strong interaction with β-tubulin is significant to EpoA's activity against cancer cells. When β-tubulin is mutated either at Arg282Gln or at Thr274Ile, the decreased strength of interaction explains the activity reduced for EpoA. Therefore, this work shows that the structural basis of the active pocket plays an important role in regulating the activity for EpoA with a Taxol-like mechanism of action to be promoted as an antitumor agent.